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Spatial Analysis Needs for Marine Ecosystem Management:
Habitat Characterization, Spatio-temporal Models and
Connectivity Analysis Frameworks

Patrick N. Halpin
Director, Geospatial Analysis Program
Nicholas School of the Environment and Earth Sciences, Duke University

Abstract

Ecosystem management in the marine environment is an especially challenging
endeavor due to the enormity of marine management areas, relative sparseness
of marine observation data and the highly dynamic nature of the ocean
environment. Strategic development of new spatial analysis tools is needed to
provide a more robust framework for analysis in this challenging environment. In
this overview, | present three areas of scientific needs and example tools now
under development to meet these needs. The three general areas of interest are:
habitat characterization, spatio-temporal models and connectivity analysis
frameworks. To address issues of habitat characterization, | present examples of
benthic complexity model development as a surrogate spatial data analysis when
habitat observation data is unavailable. In the second example | provide
examples of the development and tuning of spatio-temporal habitat models in
dynamic marine environments. In the third example, | provide examples of
connectivity models, using network analysis in marine planning applications.
These example applications are provided to illustrate the range of different
spatial analysis tools that will be required to meet future needs for marine
ecosystem scientists and managers.

Workshop on GIS Tools Supporting Ecosystem Approaches to Management 1
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Science Needs
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Charge to the speakers...

The Science Needs session will survey the spatial analyses
or tools that living marine resource scientists need to
understand individual components of an ecosystem and how
those components interact.

Topics of discussion may include but are not limited to
delineation of ecosystem boundaries, characterizing
species distribution and abundance, spatial variation in
food webs, ecosystem model choice and spatial data or
analysis requirements, analytical framework development
etc.



Smence needs
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v Background

v’ Habitat characterization
v Benthic “habitat”
v Pelagic “habitat”

v Spatio-temporal modeling
v Habitat modeling
v Model evaluation
v’ Spatio-temporal analysis

v Connectivity analysis framework
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OBIS - SEAMAP

OBIS-SEAMAP

SERDP Marine mammal habitat modeling

Strategic Environmental Research
and Development Program

The Nature Carolinian marine ecoregional plan
Conservancye i

Marine Initiative S-Central Fla. marine ecoregional plan

ESRI Marine Data Model
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OBIS.SEAMAP

mapping marine megavertebrates

http://seamap.env.duke.edu

Ocean Biogeographic Information System - Spatial Ecological
Analysis of Megavertebrate Animal Populations

CephBase
e

Historical-MAP | it

% Bicgeoinfermatics
“Hexacorals

/ Field Projects
/'

Future-MAP

sponsors
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“ NICHOLAS SCHOOL OF THE
ENVIRONMENT AMD EARTH SCIENCES
W ouKe UnivERsITY BISeSEAMAP

mapping marine megavertebrates

http://seamap.env.duke.edu

64 datasets - 280,243 records (1947 — 2004)

Browse Datasets =

tip: colurmn headings are zortable years -';:_;}."“_ -
fitla - begin end Lirds rnarnrnals turtles

S T R g e TR 1576 | 2000 | o ; :
Allied Whale Morth Atlantic Finback wWhale Catalogue 1977 1991 a £45 a
BEICMASS 1980 1925 1707 u} u}
Cascadia Research Blue Whale Photo IDs for US West Coast, 1a74 sonz a S4g1 a
1972-2002
gna;;adia Research Marine Marmrmal Surveys in US West Coast, 00z sonz o 1220 0
Cuke Marine Lab Albatross Tagging, 19%7-199%% 1997 1999 EST a u}
Cuke Morth Atlantic Harbor Porpoise Tracking 1995 2000 u] 5938 u}
Duke Morth Atlantic Turtle Tracking 2002 2004 u] u} 2383
IPHS Opportunistic Short-tailed Albatross 1993 2002 141 a u}
Tvr‘-;fh?:gritilnsuweys for seabirds and mammals, Sregon and 1ag4 1390 12872 o554 c
MME Central/Morthern California High-altitude mammals 19=0 1983 u} 2027 3
:ﬂnr\;fng-learlu:ralfr'{nrthern Califarnia Low-akitude birds and 19z0 1933 16214 725 -
MMS high altitude survey for rmarmmrals, Southern California 1975 1978 u] 525 u}
MMS low-altitude survey for mammals, Southern California 1975 1978 u} 1006 u]
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Tools for Data Integration

Select Environmental Background:
Q Sea Surface Temperature
A Sea Surface Height

Fle Edt View Favortes Tools Help "

'€ OBIS-SEAMAP:Data Explorer
Navigation Tools:@ L "I" @ @ )

Misc, Tools: R? 2_2‘ ©

2 Steps To View Data:

[Select Animais [ — o olon =
@ Wind Speed and Direction g
80 00
Map Symbology: 0 ‘
_ —— o)
<3 Select Environmental Data (OBIS SEAMAP) - Microsoft Internet E... |- ||I:| |[$_<| ;. Ei\sri.;:yers b 4
® Caretta caretta y t = -
Select Enviromental [rata: © I S - "
=@ Selected Animals = ‘o
Type: | Sea Surface Temperature Vl e . %‘w_
!
Date: Year: |2004 |Month: |O4 |Day: |01 |
[rate Range:  #: |15 ||Day(s) V| -
The graph below shows the distribution of animal observations and —) y 3
can be used to synchronize the background data with the animal
data. In order to sync the date clicking on any of the green bars, 500 & 5 a0
which then applies the date of the observations to the background
data.
Animals vs. Time 0.00 0 00
™ T r =80 OO‘ Y. | -70 e =60 00 =50| 00 =dof 0
5 Background: Sea Surface Temperature Ll E— .
" < |13 Week of 01 Apr, 2004 ]
400
2
]
2 200
o
= . . .
g A histogram of observations over time
& allows you to step through the
8
ose Window
Close wind environmental background data, retrieved

on-the-fly from JPL PO-DAAC servers.

Diatribefnd Active Archive Center
JET FROPULSICH LABORATORY
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MARINE
LIFE

@% Marine Animal Data...

Ocean Biogeographic Information System

OQ\D/ O

Hierarchical Information networks.... \
“trophic” information networks

fisheries / mgmt |- Portals
| top predators
=y ('cphl%aa;: O
producers o Nodes

oceanography

O

September 8, 2004



A distributed data & anaIyS|s approach

Marine ecosystem management

Information systems /

Hierarchical Information networks.... \
“trophic” information hetwork

f/sh/les / mgmt. Portals
/t( predators
prey Q
pr&ducers Nodes

oceanogra\grly Q

September 8, 2004




Smence needs

v Habitat characterization

v Benthic “habitat”
v

ANEANERN

September 8, 2004



Benthic habitat characterization

Applications:
identification of “aggregation areas” ' g
conservation prioritization evoss seroos o 1
ecoregional planning
MPA design Conservancys e

Marine Initiative

Carolinian Ecoregion
Goal 30% /0.5 BLM

Marine Portfolio Sites

- Portfolio Sites
| | EPARegion4

September 8, 2004




The Marine Ecoregional Planning Process
deriving marine ecological units:

3 depth classes
8 bottom complexity / rugosity types
3 relief classes (flat, low, high)

Neighborhood Variety Neighborhood Depth Difference {relief)
Flowdirection {number of “facets”)
P 7 1t08 e i - P —
o g directions =<~ /L - Z 7
90m

|| e R

{1 samilar slope}) {~5-8 pinnacle or trench) ‘ {sub-meter Z resolution required...}

September 8, 2004



The Marine Ecoregional Planning Process

Bottom

Complexity
(threshold)

dredged channel

potential “natural” benthic complexity




1. Assemblage Analyses

Data Input:
*NMFS shelf
*NMFS slope
+CDF&G recreational
*NMFS midwater

Analytical Approach:

Clustering of species

assemblages, site groups,

species diversity, and

richness.

Resuits:
Define and Interpret
Biological Hot spots.
(e.g. assemblages of

2. Habitat Suitability Modeling

Y
i i

Data Input:
=Literature review
*NMFS trawl data

+GIS habitat layers

sKey species used:
Representatives of local
assemblages, or species
of economicaliecological
importance.

Analytical Approach:
Distribution maps for
representative species
based on habitat
suitability indices.
Statistical validation with
catch data.

Results:

Define and Interpret
Biological Hot spots.
(8.g. overlay maps of
modeled species to
determine locations of
co-occurrence)

Citation:

Integrated Analyses
and Products to
Aid Sanctuary
Management

Analyses
and Products

Data Layers

Study Area
Catch Data
Sightings
Bathymetry
Substrate

Temperature

Life History -
Data

Ecological Linkages Report

"“Biological Hot spots”

NOAA National Centers for Coastal Ocean Science (NCCOS) 2003. A Biogeographic Assessment off North/Central
California: To Support the Joint Management Plan Review for Cordell Bank, Gulf of the Farallones, and Monterey
Bay National Marine Sanctuaries: Phase | - Marine Fishes, Birds and Mammals. Prepared by NCCOS's Biogeog-
raphy Team in cooperation with the National Marine Sanctuary Program. Silver Spring, MD 145 pp.



Smence needs

Benthic habitat characterization needs...

“Hot spot” analysis Is not going to be enough...

Needs:
more objective, spatial & temporal definitions of...
vecosystem processes
v ecosystem functions
v  ecosystem dynamics
v ecosystem services

September 8, 2004



Smence needs

v Habitat characterization
v

v Pelagic “habitat”

ANEANERN

September 8, 2004



Pelagic habitat analysis

In order to predict the dynamics of marine animal
populations and fisheries interactions we need to
directly analyze animal interactions with
oceanographic processes...




Marine Management Application

Optimizing fisheries closures in space and time.

| Spatial optimization algorithms used to
select potential locations to reduce sea
turtle bycatch in the Atlantic swordfish

fishery.

D’Agrosa, C., A.J. Read, P. N. Halpin, M.A. Hall. (2004 - in prep.) Reducing the ecological cost of the US
Atlantic swordfish longline fleet: Tools for incorporating spatial distribution into time-area closure design.

September 8, 2004



Pelagic Habitat Characterization
Animal Tracking (telemetry location series)

Sea Turtle Tracks (Caretta caretta) Sea Surface Temperature (WCR)
AVHRR SST (°C) 3 Zl '
5 ] \

10
15

o B o
| N I A N N O N N N N N I v

1997 April | May

Source: http://www.po.gso.uri.edu/SST/

: ...are animals tracking prey along
Source: http://obis.env.duke.edu/datasets/ oceanographic features?

Read & McClellan2004 -

(Read & MeClellan2004) (e.g. outer edge of a warm-core ring...)
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Animal Tracking (telemetry location series)

E"r‘ AMB_SC~1.5XD - ArcScene - Arcinfo

| e Edit View Selection Toos Window Help \
|Dbﬂé|ﬁ%i’"‘*\+|E\O@%D|kﬂ®\w@$ﬁf&@@ HO@E RO N
| 3D Analyst = | Layer [eastus2 - B

£ Scene layers
dive_rec_plne graphict
= XYZdive_rec
E:

T tI . C I I d & 0.000000 - 5.0000C
urties: Layman ISIan0sS a | swom i
14.000001 - 30.000
M
@ 52.000001 - 1
= M dive_rec_plne
= 0O eastus2
<VALUE>
W 5373.216797 - 4,

® M topo
® O bathy

& AMB_SC~1.5XD - ArcScene - Arcinfo
| He Edit View Selection Tools Window Help
DEES| ¢ %PYH\E\@@DD AR R T T Y )
‘ 3D Analyst + | Layer: |eastus2. 5

£# Scene layers
dive_rec_pline graphic:
= XYZdive_rec
z
& 0.000000 - 5.0000C
@& 5.000001 - 14.000C
@ 14.000001 - 30.00C
@ 30.000001 - 52.00C
& 52.000001 - 104.00
= M dive_rec_pine

= ¥ eastus2
<VALUE>
[[-8.373.216797 - 4.0
= ™ topo

Dive Profiles:

3 bl ~4-D Data (X,Y,Z,T m...m)
Beginning new work on
multidimensional GIS

Display -

design... CAI'C
September 8, 2004 Sent Glsm




Smence needs

Pelagic habitat characterization needs...

“Mapping spatial pattern is not going to be enough...

Needs:
more objective, spatial definitions of...
v animal behavior / responses
v'spatio-temporal modeling
v'spatio-temporal management

September 8, 2004



Science needs

; {:‘“,‘1' 2 \ T,ﬂ 7 "p /l/ ” r"?’fw - _T—:_f—;

s J

EMM

v
v

v Spatio-temporal modeling
v Habitat modeling
v Model evaluation
v Spatio-temporal analysis

September 8, 2004



Types of models — Types of questions
> v Habitat preference / environmental affinity
v'Behavior / response
v'Density / abundance
v Forecasting / probabilistic encounter
v Management / optimization

Encounter Rate Model (n/L) Group Size Model (s) Density Model (D) Habitat Model

40

20

-160 -140 -120 -100 -80

300 280 260 240 220 200 180 160 140 120 100 80 60 40 20

1 090807060504030201 0 -01

55 6 45 4 35 3 25 2 15 1 05 0 05
E .
From: J. Barlow, et. al 2003. SERDP program presentation D’Agrosa & Halpin 2000

SERDP 2 modeling projects: SWFSC & Duke University

and Development Program




Typical marine animal habitat modeling approach

Geographic Space Statistical Applications L
i L Data Space

Species ~ Variable 1 + Variable 2 + Variable 3

o i

Geographic Space

. - Retefine Mog Model Habitat
Sample Data

September 8, 2004




Classification: CART

Environmental Space as a hypervolume

Depth

D
¢ ©
>

H

llllllllll*

sampling

[ Species )

Species modeling
30060 \

Depth > -1559 \Depth < -155¢m

Random % 11 Species 1

0/22 TR

¢‘ “‘
llllllllllll“llllll‘llllll

b

L
<2\>

Sea Surface Temp

September 8, 2004

Distance from shelf break

Dyt > 157 E?{H Do < 157 km
( Species 4 Species
Dorer e < 176 km Do g > 176 km
‘Rﬁndomr ‘{ Species )
30 /3T \
D e ot = 241 l‘m U— pag” 241 km
Species m
0/12 - :
]

g °

J z S o
O -
oy

N ‘ \ __
-

y
//
/

y
o

i ‘ ; /.-' )
~~ mapping

¥
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Modeling example:
Sperm Whale: Physeter macrocephalus

/ | g W Lietiy seassy Srne
: _ OBIS-SEAMAP & okt GNIvERSITY Two NEFSC Data sets

NEFSC 98 2
D 62 130 =70 oo P ] | oo =5z 30
# of Records 315 e i
Date, Begin 1998-Aug-9 43 00 43 Jog
Date, End 1998-Aug-31
Latitude, Min  39.40

NEFSC 98 1 Latitude, Max  42.10
Longitude, Min -69.13

D 60 4300 el o e —7olo0 R Longitude, Max -64.80

# of Records 505

Date, Begin 1998-1ul-8
Date, End 1998-Aug-3
Latitude, Min  37.14
Latitude, Max 40.30
Longitude, Min -73.77
Longitude, Max -68.88

@B View Species Recorded

% View Metadata
%) Download Data

Dlarger image

Download Shapefile @interactive map

Citation

c _ . Palka, Debi. 1998. Northeast Fisheries Science Center 1998 Survey 2.
@9 View Species Recorded

% View Metadata

Download Data

Sponsor: Vﬁ NOAA Mortheast Fisheries Science Center (NEFSC)

NEF3C

Dlarger image
Qinteractive map

%Download Shapefile
| asar ]

Citation

Palka, Debi. 1998. Northeast Fisheries Science Center 1998 Survey 1.

Sponsor: vﬁ NOAA Northeast Fisheries Science Center (NEFSC)

NEFSC

September 8, 2004




Modeling example:
Sperm Whale: Physeter macrocephalus

' r, W Lietiy seassy Srne
Taaill OIS SEAMAP W oo smven Two SEFSC Data sets

SEFSC Atlantic surveys, 1999 (236)

D 5 abloo -0
# of Records 1247
SEFSC Atlantic surveys, 1998 (3) Date, Begin  1999-Aug-9
) Date, End 1999-Sep-25
D 1 ~85|j00 ' Latitude, Min  28.52

O

# of Recards 1073

Date, Begin 1998-]Jul-9
Date, End 1998-Aug-20
Latitude, Min ~ 24.37
Latitude, Max 38.14
Longitude, Min -81.40
Longitude, Max -70.61

Latitude, Max 39.16
Longitude, Min -81.14
Longitude, Max -73.05

Q View Species Recorded

J—
% View Metadata ﬂ

%) Download Data

Dlarger image
Pinteractive map

@9 View Species Recorded :g Download Shapefile

% View Metadata
Citation

Download Data i i i i
Roden, C. 1999. Summer Atlantic Ocean Marine Mammal Survey. Southeast Fisheries Science

Qlarger image Center, NOAA
:g Download Shapefile Qinteractive map ' I

Sources: Cruise Results; Summer Atlantic Ocean Marine Mammal Survey; NOAA Ship Oregon I
Cruise OT 99-05 (236)

Citation Q.
Roden, C. 1998. Summer Atlantic Ocean Marine Mammal Survey. Southeast Fisheries Science Sponsor: v NOAA Southeast Fisheries Science Center (SEFSC)
Center, NOAA. SEFSC

Sources: Cruise Results; Summer Atlantic Ocean Marine Mammal Survey; NOAA Ship Relentless
Cruise RS 98-01 (3).

Sponsor: VH NOAA Southeast Fisheries Science Center (SEFSC)

SEFSC

September 8, 2004




Modeling example:
Sperm Whale: Physeter macrocephalus

Legend

Effort

_DATASET

SEFSC Atlantic surveys, 1998
SEFSC Atlantic surveys, 1999
NEFSG 98 Cruise 1

NEFSC 98 Cruise 2

Land

Logistic Regrassion Probability for Sparm Whales

Physeter macrocephalus

0 - 100% probability range
No threshold set for habitat
VS non-habitat

Model output calculated for: oceanographic
conditions, August 5-12 1998

Data Sources: NEFSC & SEFSC

September 8, 2004



Modeling example:
Sperm Whale: Physeter macrocephalus

Sample points
vS. random points

D(coast)

D(outer-
\ shelf)
D(shelf-

break)

TR
' ' v, \SsT

September 8, 2004

NEFSC 88 Cruise 1
NEFSC 98 Cruise 2
Shelf

Land
Depth

Value
High : 2843

Low: -8581

Legend R ——-,]I I
®  Spemm Whaks I .

Effort |

_DATASET FL

SEFSC Atlantic surveys, 1398 IT" Y|
SEFSC Atlantic surveys, 1393

Data Sources: NEFSC & SEFSC



Modeling example:
Sperm Whale: Physeter macrocephalus

Effort

Sample pOIntS . -DATASES.II-EFSCmIarnicsurveys, 1833 E—
vS. random points

SEFSC Atlantic surveys, 1999
NEFSC 98 Cruise 1

NEFSC 98 Cruise 2

- - Sher
a? || L
s | Depth
N Depth  |Value

\D(coast) )

D(outer- - Lo
\ shelf)
D(shelf-
break)

TR
'y ' v, \SsT

Data Sources: NEFSC & SEFSC

September 8, 2004



Modeling example:
Sperm Whale: Physeter macrocephalus

Relating spatio-temporal environment
Legend -

Land
_— SST Fronts

SST (Aug 5-12, 1998}

Value

[ High - 32.009998

[ — 2 SST, SST Fronts & Effort
: 7/4/98 10 7/11/98

Distance from front Temporal series of sampling effort & environment

September 8, 2004



Types of models

Different Statistical Approaches to Ecological Habitat Modeling

(2) GLM (b) GAM (c) TREE
Y ~ poly(P1,2) + poly(F2.2) Y ~5(P1,3) + 5(P2,3)
\ o /N
g a
! V.2 / §=
H ) ‘? J ‘8 %
/f L [ -3
.'-.. I'- ALY I
| | 0103 e . =
Predictor | Predictor 1 = =1
/ \ " %,
(d) ENVELOP (e) CCA (f) BAYES
1 H - P P
: g LG = Lo
| = P TRy Gy P
H 1 i 3a .
P maxP2IY=1 | 26 B
~={4- 95% afobs, - f-----=] ~ S
Sl 7l i \ & £
g | = < =
3| & HE / £
=] £E|) R A
El | i E
:: mnP2|¥Y=1 ? Axis 1
Predictor 1 / AN Predictor 1

September 8, 2004

Source: Guisan & Zimmermann, 2000.

Logistic Regression

Generalized Linear Model with
second order polynomial terms;

Generalized Additive Model with
smoothed spline functions;

Classification Tree (CART);
Environmental Envelope models

Canonical Correspondence
Analysis;

Bayesian models according to
Aspinall (1992);

pp posterior probability of presence of the modeled
species, ppp a priori probability of presence, ppa a
priori probability of absence, pcp product of
conditional probability of presence of the various
predictor classes, pca product of conditional
probability of absence of the various predictor
classes.



Sperm Whale: Physeter macrocephalus (P.
catadon)

Legend

Effort

_DATASET

SEFSC Atlartic surveys, 1998
SEFSC Atlantic surveys, 1999
NEFSC 98 Cruise 1

NEFSG 98 Gruise 2

0 - 100% probability range Land
No threshold set for habitat Logistic Regrassion Probability for Sperm Whales
Value
.VS non-habitat P High : 1.000000

B Low : 0.000000

Model output calculated for: oceanographic
conditions, August 5-12 1998

What probability
threshold should be
used?

September 8, 2004



Potential Habitat Model: Process

Descriptive data
from lﬁcrature, L. Conceptual Laboratory experiments

field knowledge model (ecophysiology)

A 2. Statistical Statistical literature,
Sampling design formulation existing models
R
"
. 1 I > .
Quality of Calibration Evaluation
the fit .
o dataset dataset Predictive

3.

Calibration

4.
Predictions

Evaluation
tabels

. . Fitted Predicted
Diagnostic
fests values values

September 8, 2004 From: Guisan and Zimmermann 2000



ROC: Receliver Operator Curves

» Select the optimal threshold (not just

quess at >0.5 probability)

« Maximum sensitivity and specificity

Sensitivity = a/a+b (true positive)
Specificity = d/b+d (true negative)

The 45° line represents the sensitivity
and false positive values expected to be
achieved by chance alone for each

decision threshold.

True Positive Fraction

Recorded present

Predicted present

Predicted absent

September 8, 2004

1.0

0.8

True positive
o
[=)]

o
S

everything
is habitat

optimal
model
choice

0.2 1

0.0

everything is
non-habitat

&
Fd
#
s
-
.
e
&

0.0 041 0.2

False Positive Fraction ¢

C+D

A+B+C+D

03 04 05 08 07

/ False positive

0.8

0.9

1.0



ROC: Recelver Operator Curves

Marker = physeter.prob

1.0

Evaluating the model with ROC ,/F/

0.8
1
hY

The 'best' cutoffs maximizing sensitivity and specificity: | f

0.6
N,

When minimizing sqrt((1-sensitivity)*2 + (1-specificity)"2)

Marker value Sensitivity Specificity

physeter.prob 0.1153072 [0.7722772 0.7934694 g /jr /
Evaluating the Area Under the Curve (AUC) B 2 o4 08 08
Markers: 1-Specificity
ROC AUC Cont(0): n mean std.dev cv Case(1): n mean std.dev cv
physeter.prob 0.86 1225 0.0661 0.0938 1.4 101 0.198 0.117 0.59

An Area Under the Curve (AUC) >0.9 is excellent, so a value of 0.86 is “very good”.
(AUC ranges from 0.5 — 1.0)

September 8, 2004



Sperm Whale: Physeter macrocephalus
(P. catadon)

Legend
= 50% Probability for Sperm Whales
Using a >50% probability threshold: /-
] Sperm Whales
Effort
_DATASET
. BEFBC Aflantic survays, 1988
Too conservative SEFBC Aflantic survays, 1999
“ H H ” NEFSC 88 Cruise 1
many “errors of omission NEFSC 38 Cruise 2
[ Shalf
Land
Depth
Marker = physeter.prob Malue
E N High : 2643
~50% Prob. Threshold Loww : -8581
=
z °|
2
o
e
o
o |
(=]
[ T T [ [ I
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Model output calculated for: oceanographic ﬁ

conditions, August 5-12 1998
September 8, 2004



Sperm Whale: Physeter macrocephalus
(P. catadon)

Lepend
== 11% Probability for Sperm Whales
Using a >11% probability |
threshold: @ Sperm Wholes, 1%
Effort
_DATASET

SEFSC Adantic surveys, 1998
SEFSC Adantic surveys, 1999

Optimizes
“errors of omission” vs.

MEFSC 98 Cruise 1
“ H H ” NEFSC 98 Cruise 2
errors of commission Land s
Depth

. Marker = physeter.prob Value

- N Hgh - 2643

o | B Low - 8551

o

~11% Prob. Threshold

L=}
z °
2
ﬁ
o
@« |

o

o

o

o |

o

T T T T T T
00 02 0.4 06 0.8 1.0
1-Specificity
i
——

Model output calculated for: oceanographic

conditions, August 5-12 1998
September 8, 2004



Spatio - temporal habitat modeling

At large spatial scales:

=OCeanograp
* (winds,curren

L

-~ frovni

. e
Hr] e LT

At finer spatial scales:

Bathymetric and water Prey Marine mammal
temperature gradients_’ availability distribution

September 8, 2004



Marine animal habitat modeling

Marine animal
observations

' “Persistent”
SST Event

Statistical modeling approach will

allow for “antecedent”
oceanographic conditions to be
Space used to more accurately predict

% S E RD P potential habitat.

Strategic Environmen tal Researcl
and Development Program




Types of models

Different Statistical Approaches to Ecological Habitat Modeling

(2) GLM (b) GAM (c) TREE
Y ~ poly(P1,2) + poly(P2.2) Y ~5(P1,3) + 5(P2,3)
\ /
\ ! =
\ B { B
/f L [ -3
| | 03 b . =
Predictor | Predictor 1 = =1
-/ \ — X-_. i
(d) ENVELOP (e) CCA (f) BAYES
| i - P " P
i : P ey G P
H 1 \ 3a .
P maxP2IY=1 | 26 B
wl <= 05% afobs, =k f=------1 \ ~ ol
s 7| H Ik 3 ]
Bl =|i 2 < = 4
3 B! e £ -
| =l K / A ]
gl ! e
:: minPZ|Y=1 1 Axis 1
Predictor 1 / AN Predictor 1

(@)
(b)
(c)

(d)
(€)

Generalized Linear Model with
second order polynomial terms;

Generalized Additive Model with
smoothed spline functiens;

Classification Tree (CART);
Environmental Envelope models

Canonical Correspondence
Analysis;

(f)

Bayesian models according to

Source: Guisan & Zimmermann, 2000.

DOE

SERDP

Strategic Environmental Research
and Development Program

Aspinall (1992);

pp posterior probability of presence of the modeled
species, ppp a priori probability of presence, ppa a
priori probability of absence, pcp product of
conditional probability of presence of the various
predictor classes, pca product of conditional
probability of absence of the various predictor
classes.



Marine animal habitat modeling

habitat models

*e
-
-
‘.
.

Depth
Sea Surface Temp
Distance from shelf break

Environmental variables associated by space

Spatio-temporal habitat models

Time

Space

Environmental variables associated by space & time

Example case:
if temperature (x) & productivity (y) & depth (d)
the probability of occurrence ~p

September 8, 2004

Example case:

if temperature (X) & productivity (y)

persist for time limits > (t) and spatial connectivity
constraints < (s)

the probability of occurrence ~p




Smence needs

Spatio-temporal modeling needs...

“In order to predict dynamic behavior we need to
model dynamic behavior...

Needs:
more objective, spatial-temporal models of...
v animal responses to ocean dynamics
vtime lagged ecosystem processes
vresponses to antecedent conditions
v'better model evaluation / decision support tools

September 8, 2004



Science needs
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v Spatio-temporal modeling
v Habitat modeling
v Model evaluation
v Spatio-temporal analysis
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coral ecology

dispersal

hydrodynamic model

survival
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Running “particle tracking” in
commercial GIS systems is
generally not feasible...




Combining Hydrodynamic & Network models

This project required significant development outside of the GIS
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' (Spalding et al 2001)

Centered on American Samoa

Eric Treml Ph.D. Candidate
former NOAA Coastal Services Center GIS Analyst...

Marine Reserve Network Design
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Larval dispersion
simulation

Pacific Larval Dispersal Model: Oct-Nov, 2001 Day 1

42 day model run

September 8, 2004
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Methods

Network (Graph Theory) Framework

Structure: Adjacency Matrix [A], Vertices Matrix [V]

Tests
v lconnectedness
v upstream/downstream
v traverse time / distance
v" node removal

September 8, 2004
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Results
Network Analysis

Yearly variability
w/45day threshold
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Methods

Network (Graph Theory) Framework

Structure: Adjacency Matrix [A], Vertices Matrix [V]

Tests
v/ connectedness
v'| upstream/downstream|
v traverse time / distance
v" node removal
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Preliminary Data: Results

American Samoa
v" Few upstream larval sources

v" Moderate seasonal variability
v Higher rate of retention?

ERERY
. 27 5 E

September 8, 2004



Methods

Network (Graph Theory) Framework

Structure: Adjacency Matrix [A], Vertices Matrix [V]

Tests
v" connectedness

v"upstream/downstream
v ‘ traverse time / distance

v node removal
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Results
Network Analysis — Species’ Dispersal Thresholds

84 days - fish

56 days - crustaceans

45 days - broadcasting corals
21 days - urchins and starfish (~14 - 28 day)
+10 days - giant clam & sponge larvae

photograph copyright
Briice €. Mundy

(very approximate times for representative species...)
September 8, 2004



Results
Network Analysis — Species’ Dispersal Thresholds




Results
Network Analysis — Species’ Dispersal Thresholds

) day threshold

photograph copyright
Briice €. Mundy
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Results
Network Analysis — Species’ Dispersal Thresholds




Results
Network Analysis — Species’ Dispersal Thresholds




Results
Network Analysis — Species’ Dispersal Thresholds




Methods

Network (Graph Theory) Framework

Structure: Adjacency Matrix [A], Vertices Matrix [V]

Tests

v" connectedness
v" shortest paths

v"upstream/downstream
/| node removal |

September 8, 2004
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Results
Network Analysis — Key Stepping Stones (nodes)

Nodes are iteratively
removed and their
“contribution to the network
Is recalculated




Results
Network Analysis — Key Stepping Stones (nodes)




Future Work
Explore Relationships With Genetic Data

Phylogeography
+ Where is gene flow likely limited
+ Spatially explicit gene flow hypotheses @
+ Test: genetic distance & network distance &

Benzie & Williams, 1997

September 8, 2004




Smence needs

Marine connectivity analysis needs...

“Analyzing functional connectivity will require
new spatio-temporal frameworks ...

Needs:
v'more objective, spatial analysis framework for
connectivity analysis
vcombination of hydrodynamics with ecosystem
dynamics

September 8, 2004



Smence needs

September 8, 2004

v Background

v’ Habitat characterization
v Benthic “habitat”
v Pelagic “habitat”

v Spatio-temporal modeling
v Habitat modeling
v Model evaluation
v’ Spatio-temporal analysis

v Connectivity analysis framework



Questions?

NICHOLAS S5CHOOL OF THE
ENVIRONMENT AND EARTH SCIEWCES

DUKE UNIVERSITY
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